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In recent years, owing to the growing global demand for energy, dependence on
fossil fuels, limited natural resources and environmental pollution, biofuels have
attracted great interest as a source of renewable energy. However, the
production of biofuels from plant biomass is still considered to be an expensive
technology. In this context, the study of carbohydrate-binding modules (CBMs),
which are involved in guiding the catalytic domains of glycoside hydrolases for
polysaccharide degradation, is attracting growing attention. Aiming at the
identification of new CBMs, a sugarcane soil metagenomic library was analyzed
and an uncharacterized CBM (CBM_E1) was identified. In this study, CBM_E1
was expressed, purified and crystallized. X-ray diffraction data were collected to
1.95 A˚ resolution. The crystals, which were obtained by the sitting-drop vapour-
diffusion method, belonged to space group I23, with unit-cell parameters a = b =
c = 88.07 A˚.
1. Introduction
One of the main challenges for commercially successful production of
second-generation biofuels is the conversion of the lignocellulosic
biomass (the most abundant source of renewable carbon on the
planet) into glucose with high efficiency and low cost (Bolam et al.,
2004; Farrell et al., 2006; Santos et al., 2012; Kim et al., 2013). A
number of approaches have been undertaken for improvement of
enzyme cocktails for second-generation biofuels, such as efforts for
the rational design of site-directed mutagenesis, targeting enzymes
for specific applications (Graham et al., 2011; Kim et al., 2013),
engineering of multifunctional proteins with a synergistic catalytic
capacity (Gonc¸alves et al., 2012; Cota et al., 2013; Dama´sio et al., 2014)
and enzymes that bind weakly to lignin (Berlin et al., 2005). Recently,
the search for accessory proteins that have nonhydrolytic activity
during cellulose hydrolysis has attracted attention (Kim et al., 2009).
To access these novel proteins, metagenomics has gained attention
owing to its great potential for prospecting for genes from the
genomes of uncultured microorganisms, which represent approxi-
mately 99% of all microorganisms in nature (Lorenz & Eck, 2005;
Amann et al., 1995). With this in mind, sugarcane soil metagenomics
has been used to identify novel carbohydrate-binding modules
(CBMs). These macromolecules have no enzymatic activity, but are
known to be auxiliary domains to cellulases and other carbohydrate-
active proteins that enhance catalysis (Guille´n et al., 2010; Luı´s et al.,
2013), showing a range of binding capabilities to different types of
polymers (Boraston et al., 2004; Hashimoto, 2006).
Through the functional screening of a sugarcane soil metagenomic
library, a cellulase comprising a glycoside family 5 (GH5) catalytic
module (accession No. KF498957; Alvarez et al., 2013) linked to an
unclassified carbohydrate-binding module (CBM_E1) was isolated.
In order to gain insight into its structural and functional character-
istics, as well as the protein–ligand recognition properties, of this
novel CBM, we decided to solve its crystal structure. In this
communication, we describe the expression, purification, crystal-
lization and preliminary X-ray analysis of CBM_E1.
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2. Materials and methods
2.1. Cloning, expression and purification
The gene encoding the carbohydrate-binding module E1
(CBM_E1; KJ917170) was amplified by PCR using full-length cellu-
lase, retrieved from a sugarcane soil metagenomic library, as a
template (Alvarez et al., 2013). The forward primer sequence contains
an NdeI restriction site (in bold) and the reverse primer sequence
contains a BamHI restriction site (in bold) and a stop codon
(underlined) (Table 1). The 282 bp product was cloned into pJET
cloning vector and confirmed by DNA sequencing (data not shown).
The construction CBM_E1_pJET and the expression vector pET-28a
were digested with the NdeI and BamHI restriction enzymes. The
ligation mixture was transformed into Escherichia coli DH5
competent cells and cloning was verified by PCR. The final construct
encoded full-length CBM_E1 fused to an N-terminal His tag with a
thrombin protease cleavage site for tag removal.
Recombinant CBM_E1 was expressed in E. coli strain Origami 2
(DE3) (Novagen). A single colony was used to inoculate a 10 ml
Luria–Bertani (LB) starter culture supplemented with kanamycin
(50 mg ml1) and streptomycin (25 mg ml1) and was used to
inoculate 4.0 l LB medium. The bacteria were cultured at 310 K until
the OD600 reached 0.6, followed by induction with 0.4 mM
isopropyl -d-1-thiogalactopyranoside (IPTG) for 3 h at 303 K. The
cells were harvested by centrifugation, suspended in binding buffer
(20 mM Tris–HCl pH 8.0, 200 mM NaCl, 5 mM imidazole, 20%
glycerol) and incubated on ice with lysozyme (1 mg ml1) for 30 min.
The cells were sonicated and the clarified supernatants were incu-
bated with nickel resin for 2 h at room temperature. The beads were
washed with ten column volumes of wash buffer (20 mM Tris–HCl pH
8.0, 200 mM NaCl, 10 mM imidazole, 20% glycerol) and the retained
proteins were eluted with wash buffer containing 200 mM imidazole.
The 6His tag was cleaved with thrombin at 289 K for 16 h. The
protein was further purified on a Superdex 75 10/300 column equi-
librated with 20 mM sodium phosphate pH 7.2, 50 mM NaCl (Fig. 1).
Purified CBM_E1 was stored at 277 K.
2.2. Crystallization
Highly purified CBM_E1 sample was concentrated to 6 mg ml1 in
20 mM sodium phosphate pH 7.2, 50 mM NaCl. The protein solution
was incubated with cellopentaose (C5) at a molar ratio of 1
CBM_E1:2 C5. Crystallization experiments were performed using the
sitting-drop vapour-diffusion method at 291 K using a HoneyBee 963
robot (Genomic Solutions). The drop consisted of 0.5 ml of the
CBM_E1–C5 complex plus 0.5 ml of the reservoir solution. Well
formed crystals were used for X-ray data collection (Table 2).
2.3. Data collection and processing
Crystals (Fig. 2) were soaked in cryoprotection solution consisting
of 14% ethylene glycol and the crystallization solution. The crystal
was then flash-cooled in a stream of gaseous nitrogen at 100 K. X-ray
diffraction data were collected on the MX2 beamline (Guimara˜es et
al., 2009) at the Brazilian Synchrotron Light Laboratory (LNLS,
Campinas-SP) using a MAR Mosaic 225 mm CCD detector (MAR
Research) and a synchrotron-radiation wavelength of 1.459 A˚. The
data set was processed with iMosflm (Battye et al., 2011) and scaled
with AIMLESS (Evans, 2006).
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Table 1
Macromolecule cloning and expression conditions.
DNA source Sugarcane soil metagenome
Forward primer† 50-TATATATCATATGAGCGCATCATGCGGTAGC-30
Reverse primer† 50-ATAGGATCCTTACCAGTTATCGAACTTCACATT-30
Cloning vector pJET
Expression vector pET-28a
Expression host Origami 2 (DE3) cells
GenBank accession No. KJ917170
† Restriction sites are shown in bold and the stop codon is underlined.
Figure 1
SDS–PAGE analysis of CBM_E1 purification by size-exclusion chromatography.
Lane MW, molecular-weight marker (labelled in kDa). Lane 1, soluble fraction
obtained after nickel-affinity chromatography. Lane 2, sample loaded on size-
exclusion column, after concentration. Lanes 3–6, elution fractions from size-
exclusion chromatography containing 20 mM sodium phosphate pH 7.2, 50 mM
NaCl.
Table 2
Crystallization conditions.
Method Vapour diffusion
Plate type Sitting-drop
Temperature (K) 291
Protein concentration (mg ml1) 6
Buffer composition of protein solution 20 mM sodium phosphate pH 7.2, 50 mM NaCl
Composition of reservoir solution 4 M sodium formate
Volume and ratio of drop 1 ml, 1:1
Volume of reservoir (ml) 80
Figure 2
A single crystal of CBM_E1 was obtained in the presence of 4 M sodium formate
by sitting-drop vapour diffusion.
3. Results and discussion
Initially, CBM_E1 was identified after bioinformatics analysis of a
metagenomic cellulase clone, which showed a region rich in trypto-
phan and tyrosine residues that are commonly found in CBMs.
Further BlastP analysis revealed low homology of CBM_E1 (31%
amino-acid sequence identity) to the C-terminal region of cellulase
from Pseudomonas sp. (GenBank BAB79288.1), a region with no
putative conserved domains.
As a first step towards gaining insights into its molecular
mechanism, CBM_E1 was cloned into pET-28a and overexpressed in
E. coliOrigami 2 (DE3) cells. Purified protein was obtained by a two-
step protocol consisting of affinity and size-exclusion purification
steps. The molecular weight of 10 kDa for CBM_E1 was confirmed by
15% SDS–PAGE (Fig. 1).
Crystals suitable for X-ray analysis were obtained by the sitting-
drop vapour-diffusion method after 25–30 d in different conditions:
(i) 4 M sodium formate and (ii) 0.1M sodium acetate pH 4.5, 0.2 M
lithium sulfate, 30% PEG 8000. The best crystal was grown in 4M
sodium formate (Fig. 2) and diffracted to 1.95 A˚ resolution (Fig. 3).
Based on the protein molecular weight, the calculated Matthews
coefficient is 2.85 A˚3 Da1 (Matthews, 1968), corresponding to
56.81% solvent content and a monomer in the asymmetric unit.
Statistics for the collection and processing of the data set are given in
Table 3.
The single-wavelength anomalous diffraction method is being
applied in order to solve the crystal structure. In parallel with
structural studies, comprehensive biochemical and functional analysis
including substrate-specificity studies are being carried out. The
CBM_E1 is a cellulose-binding domain that can modify cellulose or
otherwise assist cellulose hydrolysis by the catalytic domain; future
studies will define the role of this novel CBM in cell-wall degradation.
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Figure 3
A diffraction pattern of the recombinant CBM_E1 data set collected on beamline
MX2 at the Brazilian National Synchrotron Laboratory (LNLS).
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